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1. INTRODUCTION

A. Purpose

This document specifies best management practices for highway rock cut operations for the
Colorado Department of Transportation (CDOT) that shall be followed when a Contractor or
Permittee is proposing to blast. By following these practices, the CDOT der¢fimCharge can

ensure that the Contractor accomplishes the work in a safe manner while preserving scenic,
aesthetic, and environmental resources. CDOT manages roadways in complex geologic settings
and steep, mountainous terrain. Operations in theses aexpiire rock excavation, slope
stabilization, and rock fall mitigation before the safe and desired roadway can be achieved. This
document will provide a reference for the selection, design, evaluation, and aesthetic construction
of rock slopes. Prior tblasting, the Contractor shall submit a written blast plan to the Engineer

for conditional approval. Post approval of the blast plan, eblag meeting will be held and
attended by the Engineer, the Contractor, the Project Blasker)arge, and repsentatives of

all interested parties so that the proposed blasting operations may be discussed. Final approval to
blast will be granted based upon the results of the meeting. Tests blasts may be required and may
result in modifications to the blasting plaAll highway rock cut operation blasts will be
documented by the Engineer using Blasting Report Fon.

B. General

Blasers in the State of Coloradere required to possess valid Colorado partment of Labor

and Employment@DLE) Division of Oil and Public Safetyssued Explosives PermitA permit

issued by the Division is required for the use, manufacture, purchase, possession, sale, storage,
transportation, and disposal of explosive materials in the State of Colorado by any individual
corporatian, firm, partnership, associate, or state or local government agency.

The Contractor shall utilize controlled blasting techniques for all excavations to reduce overbreak
and control slope contour. Ailasting oprations shall be conducted a skillful manrer so as

not to cause injury, damage property, adversely affect trafficc or cause the
migration/accumuation of noxious gases, and ensure the safety of employees, CDOT personnel,
adjacent properties, and the public.

Eacdh Certified Blaser is required to report to CDOT any unus@al incident or event that accurs
during the bhbsting operations. They are aso requied to report any instances of pematue
detonation,damage from air blast, damage from excesgve ground vibetion, or ingances of fly
rock. Damage must be reported even when it is alleged and/or the comgaint is made after
subgantial lapseof time. All damages resulting from rock excavation or rock emeravation
operations shall be repaired and items replaced to the satisfaction @&ntjweeer, at the
Contractords expense.

Note that mine adits may be encountered during rock excavation. Refer to the Geotechnical
Report for the project for more information.



C. Definitions

Active Statusi the status of a valid Type | permit when the permittee is authorized to possess and
control explosives by a Type Il permittee. (7 C.C.R. 121

Aesthetically Pleasingi a natural roughness angle that preserves the scenic geology by
highlighting naturband preexisting fractures, bedding planes, joints, and roughness of the rock
slope.

Aesthetic Contour Blastingi an aesthetically pleasing, safe, and economical method of blasting
in which the actual profile of the road cut is as close as possibilkeetgroject profile with
preservation of the surrounding rock.

Air Overpressurei The airborne shockwave or acoustic transient generated by an explosive.
(7 C.C.R. 110D)

Ammonium Nitrate i the ammonium salt of nitric acid represented by the formulaN@4 (7
C.C.R. 11019)

ANFO i A blasting agent composd primarily of ammonium nitrate and fud oil. (7 C.C.R. 1101
9)

Approved Storage Facility (Approved Magazine)i A facility for the storage of explosive
materials conforming to the requirements of Federal and State rules and regulations. (7 C.C.R.
11019)

Attend(ed) T The physical presence of an authorized person within the field of vision of explosive
or the usef explosives. (7 C.C.R. 11689)

Authorized, Approved, or Approval i Terms which mean approved, approval, or authorized by
the Division of Oil and Public Safety of the Colorado Department of Labor and Employment. (7
C.C.R. 11019)

Authorized Personi A person approved or assigned by management to perform a specific type of
duty or duties to be at a specific location or locations at the job site. (7 C.C.RO11101

Armed Chargei An explosive cartridge that contains a detonator. (7 C.C.R.-2101

Artific ial Barricade i An artificial mound, berm, or wall of earth of a minimum thickness of 3
feet or any other approved barricade that offers equivalent protection. (7 C.C.F)1101

Backbreak i Rock broken beyondthe limits of thelastrow of holesin a blast,synonymouswith
overbre&.



Barricaded 1 the effective screening of a building or magazine containing explosive materials
from another magazine or building, railway, highway by a natural or artificial barrier. A straight
line from the top of angidewall of the building or magazine containing explosives materials to the
eave line of any magazine or building or to a point 12 feet above the center or a railway or
highway shall pass through the barrier. (7 C.C.R. 1901

BaseCharge i The main explodve charge in the base of a detonatoror a heary charge at the
baseof acolumn of prespliit powder. (7 C.C.R. 110B)

Battered Production Holes i The row of production holesclosestto presplit line, drilled at the
sameangle as the pesplit hdes.

Bench 1 A horizontalledge from which holesare dilled downward into the matria to be blastd.

Binary (two-component) Explosive 7 A blasting explosive formed by the mixing or
combining of 2 plosphoric materials (e.g. ammonium nitrate and nitrometl{@n€.C.R.
11019)

Black Powder i A deflagrating or low explosive compound of an intimate mixture of sulfur,
charcoal, and an alkali nitrate (usually potassium or sodium nitrate). (7 C.C.R9)1101

Blast Area 1 Area of the blast within the influence o¥ithg rock missiles, gases, vibration, and
concussion. (7 C.C.R. 11@®)

Blaster i A Type | permitted individual who is permitted by the Division to possess and control
the use of explosives. (7 C.C.R. 11911

Blast Plan i A written procedurethat details the methodsand manrer by which a Projed blaser
will comgy with pertinent laws, rules, regulations, and contrad documents. The plashould
show the details for a typical blastwith the understanding that minor modfications inthe field
will bealowed. Signifi cant changes to the blasting ogrationswill requirethata new blastplanbe
submited for approval. When deemed necessay by the Engineer, approved blast planswill be
required for ead indvidual shot.

Blaster-in-Chargei A Type | permittee who is in charge of and responsible for the loading or
preparing of the explosive charges, and either physically initiates the charge or is physically
present when the charge is initiated at a specific job site. The individual is igecbathe
planning of the blast at a specific job site, the supervision of all persons assisting on the blast
and all persons training, and is responsible for the inventory, inventory records, and blast
records for the blast(7 C.C.R. 11099)

Blasting Agent i An explosive material, which meets prescribed criteria for insensitivity to
initiation.

For storage, a blasting agent is defined as any material or mixture consisting of fuel and oxidizer
intended for blasting, not otherwise defined as explosieigeed that the finished product, as
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mixed for use or shipment, cannot be detonated by means of a No. 8 Blasting Cap when
unconfined. (Bureau of Alcohol, Tobacco, Firearms, and Explosives Regulations)

Blasting Galvanometer i An electrica resistance instrument designed speifically for testing
electrical continuity of electric detonatas and circuits containingthem. (7 C.C.R. 1109)

Blasting Mat i A mat of woven stesl, rope, wire, scrap tires, or other susble maeria or
constructiorto cover blasthoks forthe puposeof preventing flying rock missiles. (7 C.C.R. 1101
9)

Blat Pattern, Drill Pattern i the plan of the drill holes laid out for blasting; an expression of the
burden distance and their relationship to each other. (7 C.C.R:9)101

Blasting Site i Area where explosive material is handled during blasting operation, including the
perimeter of blast hole and a distance of 50 feet in all directions from explosive charges, loaded
boreholes or boreholes to be loaded.

Blasting Vibrations T The energy from a blast that manfests itself in the form of vibrations,
which are transnitted throwgh theeath away from the imnediateblast aea

Booser 1 An explosve charge, usually of high detonation velocity and detonation pressue,
designed to be usedin the explodve initiation sequence between an initiator or primer and the
maincharge. (7 C.C.R. 1100)

Borehole, Blast Hole, Drill HoleT a hole drilled in the material to be blasted, for the purpose of
containing an explosive charge.G/C.R. 11019)

Bulk Mix T a mass of explosive material prepared for use in bulk form without packaging. (7
C.C.R. 110%9)

Bulk Mix Delivery Equipment i Equipment (usually a motor vehicle with or without mechanical
delivery device), which transports explosive material in bulk form for mixing and/or loading
directly into blast holes. (7 C.C.R. 110}

Bullet Resistanti Magazine walls or doors of consttion resistant to penetration of a bullet of
150-grain M2 ball ammunition having a nominal muzzle velocity of 2,700 feet per second fired
from a .30 caliber rifle from a distance of 100 feet perpendicular to the wall or door.

When a magazine ceiling ooof is required to be bullet resistant, the ceiling or roof shall be
constructed of materials comparable to the side walls or of other materials which will withstand
penetration of the bullet described above when fired at an angle of 45 degrees frordipagyen

Tests to determined bullet resistance shall be conducted on test panels or empty magazines which
shall resist penetration of 5 out of 5 shots placed independently of each other in an area of at least
3 feet by 3 feet. (7 C.C.R. 11®)

Bullet-Sersitive Explosive Materialsi Explosive material that can be detonated by a 150 grain
M2 ball ammunition having a nominal muzzle velocity of 2,700 feet per second when the bullet is
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fired from a .30 caliber rifle at a distance of not more than 100 feethentest material, at a
temperature of 705 degrees Fahrenheit, is placed against a backing materiahdi 8teel plate.
(7 C.C.R. 110D)

Bulk Strength i The strength per unit volume of an explosve cdculated from its weight
strength and @nsity. (7 C.C.R. 11019)

Burden 7 The distance from the borehole to the neaest free face, or the ditance between
boreholes mesured perpendicular to thespaing. Also, the total amount to be blasted by a given
hole, which is usually measured in cubic yardtoas. (7 C.C.R. 1109)

Bus Wire 1 Expendable heavy gauge bare copper wire used to connect detonators or series of
detonators in parallel. (7 C.C.R. 1101

Charge-Per-Delay i Any charges firing within any-&illisecond time period are considered to
havea cumulative effect on vibration and air oxeerpressure effects. Therefore, the maximum
chargerperdelay (w) is the maximum weight of all charges firing within aayi8isecond time
period from the time a blast starts until the time it ends. For pbeanfi two 1Glb charges fire at
100 ms and one #6 charge fires at 105 ms, the maximum chgrgedelay (w) for this time
period would be 35 Ibs. (7 C.C.R. 1191

Collar i Themouh oropening of aborehole. (7 C.C.R. 1109)

Column Charge i A long, continuous, unbroén column of explosves in a bésthde. (7 C.C.R.
1101-9)

Connecting Wire i Wire used to extend the firing line or leg wires in the electric blasting circuit.
(7 C.C.R. 110%9)

Continuity Check (Circuit) T A determination that an initiation system is continuous and
containsno bre&ks or improper conredions that could cause stopgage or failure of an ignition
system. For an electric initiation system,the ched is performed both visually and by usinga
blastinggalvanoneter or otherdevice. For a non-electric initiation system,the ched can only be
donevisually. (7 C.C.R. 1100)

Control T To directly exercise authority, dominating influence over the use, manufacture,
acquisition, purchase, sale, distribution, storagesportation, or disposal of explosive materials.
(7 C.C.R. 110%0)

Cushion Blasting i A method of rock excavation cushion blast holes are blasted after
production blasts. Larger drill hole are used with small diameter, and are lightly loadedagée sp
around the explosive(s) is filled with crushed rock to cushion the explosive force.

Day Boxi A portable magazine for the temporary and attended storage of explosives. Day boxes
shall meet construction requirements of a Type 3 magazine. (7 C.C.R91101



Dealeri Any person engaged in the business of distributing explosive material at wholesale or
retail value. (7 C.C.R. 1169)

Decki An explosive charge that is separated from other charges in the blast hole by stemming or
an air cushion.

Deflagration i An explosve readion suchas a rapid combuston thatmoves throgh an explosve
materia at avelocity less than thepeed of sound in the mterial. (7 C.C.R. 1100)

Delay Blasting T The pradice of initiating indvidual explosve deds, boreholes, or rows of
boreholesat predetermined time intervals using delay detonatas, or other delaying methods,as
compaed toinstantaeous bbsting where all holesare fired essentiallyat the sametime. (7 C.C.R.
11019)

Delay Detonator i An electric or norelectric detonatorusedto introduce a predetermined lapse
of time ketween theapplicaion ofafiring signal and thedetonation of acharge. (7 C.C.R. 110B)

Design Rock Slope i A cut slope inrock constricted at the angle and location specified in the
contrad plans. Presplit blastingis usuallyusedto constrict the slopeso thatthe finished slopeis
stableand free from sgnificant rock hazards. (7 C.C.R. 1109)

Detonating Cord 7 A flexible cord containinga center core of high explosves, which may be
usedto initiate otherhigh explosves. (7 C.C.R. 1109)

Detonation 7 An explosve readion that movesthrough an explosve matrial a a velocity
greater than thespeed of sound in the aierial. (7 C.C.R. 1100B)

Detonator i Any device containingan initiating or primary explosve thatis usedfor initiating
detonationin anotherexplosve matrial. A detonator may not contain more than 10 grams of total
explosive by weight, excluding ignition or delay charges. The term includes, it lisnited to,

electric blasting caps of instantaneous and delay types, electronic detonators, blasting caps for use
with safety fuses, detonating cord delay connectors, and nonelectric instantaneous and delay
blasting caps which use detonating cord, ghtube, or any other replacement for electric leg
wires. (7 C.C.R. 1109)

Division i The Director of the Division of Oil and Public Safety of the Department of Labor and
Employment or any designees thereof which may include certain employees of thenDviQil
and Public Safety or other persons. (7 C.C.R. 1901

Down Line 1 a line of detonating cord or plastic tubing in a blast hole which transmits detonation
from the trunkline or surface delay system down the hole to the primer.

Dynamite i A high explosve usedfor blasting, consistng essentially ofa mixture of, but not
limited to nitroglycerin, nitrocellulose, anmonium nitrate, sodium nitrate, and carboreceous
matrials.



Electric Blasting Circuit T An electric circuit containing electric detonatas and assocéted
wiring.

Electric Detonators 1 A detonator designed for, and cgpable of, initiation by means of an
electric current. (7 C.C.R. 110B)

Electronic Detonatorsi A detonator that utilizes stored electrical energy as a means of powering
an electronic timing delay element/module and that provides initiation energy for firing the base
charge. (7 C.C.R. 1169)

Emulsion T An explosve maria containingsubsantial amourts of oxidizer dissolved inwater
droplets, surounced by an immiscible fuel; or droplets of an immiscible fuel surounded by
water containingsubgantial amounts of gidizer. (7 C.C.R. 110D)

Explosion i A chemical reactioninvolving an extremely rapid expansion of gases usually
assocatedwith the libeation ofhea. (7 C.C.R. 110D)

Explosive i Any chemicd compound,mixture, or device, the primary or common purpose of
which isto function byexploson. (7 C.C.R. 1109)

Explosive Materials i These include explosves, blasting agents, and detonatas. Theterm
includes, but is not limited to, dynamite and other hgh explosives;slurries, emulsions, and water
gels; black powder and pellet powder; initiatingexplosves; detonatas (blasing caps); and
detonatingcord. (7 C.C.R. 110B)

Explosive Oilsi Liquid explosive sensitizers for explosive materials (.e.g., nitroglycerin, ethylene
glycol dinitrate and metriol trinitrate). (7 C.C.R. 1191

Extra (Ammonia) Dynamite i dynamitein which part of the ntroglycerin is replaced by
ammoniumnitrate in suficient quantly to resultin the sameweight grength.

Extraneous Electricity 1 Electrical energy, other than adual firing current or the test current
from a blasting galvanoneter, that is present at a blast site and that could enter an electric
blasting circuit. It includes gray current, datic electricity, electromagnetic waves, andtime-
varying electric and magnetic fields.

Fire Extinguisher Rating T A rating set forth in the Nation&lire Code which may be identified

on an extinguisher by a number (5, 20, 70, etc.) indicating relative effectiveness, followed by a
letter (A, B, C, etc.) indicating the class or classes of fires for which the extinguisher has been
found to be effective.7(C.C.R. 11099)

Fire-Resistanti Construction designed to provide reasonable protection against fire. For exterior
walls or magazine constructed of wood, this shall mean fire resistance equivalency provided by
sheet metal of not less than #26 gauge..F.K. 11019)

Flyrock 7 Rocks progled fromtheblast aiea by theforce of an exploson. (7 C.C.R. 1109)



Fragmentation i Thebreaking of asolid mass imo pieces byblastirg. (7 C.C.R. 110B)

Free Face i A rock surface exposedto air or water which providesroom for expansion upon
fragmenttion. Sometimes alled open face (7 C.C.R. 1100B)

Fuse (Safety)i A flexible cord containing an internal burning medium by which fire or flame is
conveyed at a continuous and uniform rate from the point of ignition to a cut end. A fuse detonator
is usually attached to that end, although safety fuse may be used witdetdanator to ignite
material such as deflagrating explosives. (7 C.C.R.-B})01

Fuse Detonator, Blasting Capi A detonator which is initiated by a safety fuse or used in an
avalauncher round; also referred to as an ordinary blasting cap. Also seealetgh&.C.R.
11019)

Fuse Lightersi Pyrotechnic devices for the rapid and certain lighting of safety fuse. (7 C.C.R.
1101-9)

Fud 1 A substare, whichmayread with oxygen to prodiee combuston. (7 C.C.R. 110B)

Fumes T The gaseous prodwcts of an exploson. For the purpose of determining the fume
classification of explosve matrial, only poisonous or tic gases ae consicered. (7 C.C.R. 1101
9)

Gelatin Dynamite T A type of highly water resistant dynamite characterized by its gelatinousor
plasic consistemy.

Geology T A description of the types and arrangementof rock in an area; the description usually
includes the bedding dipand strike, the type and extent of pre-existing bregs in therock, and the
hardness and rassveness of theock, as theseaffect blast desgn.

Grains1 A weight measurement where 7000 grains ae equivalent to 1 Ib. (0.45 k). (7 C.C.R.
1101-9)

Ground Vibration i Shaking the ground by elastic waves emareting from a blast. Usally
measured in in/s (mm/s) of particle velocity. (7 C.C.R. 1100)

Hardwood i Red Oak, White Oak, Hard Maple, Ash, or Hickory, free from loose knots, wind
shakes, or similar defects. (7 C.C.R. 1-E01

High Explosivesi Explosives which are characterized by a very high rate oftioeachigh
pressure development and the presence of a detonation wave, including, but not limited to,
dynamite, detonating cordastboosters, detonators, capnsitive slurry, emulsion, or water gels,

and mixed binaries. (7 C.C.R. 110}



Horizontal Dril ling i A method of rock excavation where larger diameter, closely spaced, lightly
loaded horizontal borings are used for production style blasting. Used in massive rock to eliminate
drill hole or in areas of poor access.

Inactive Statusi The status of aalid Type | permit when the Type | permittee is no longer
authorized to possess and control explosives by a Type Il permittee. (7 C.C.R®)1101

Inhabited Area or Building 7 A building regularly occupied in whole or in part as a habitation

for human beigs, or any church, schoolhouse, railroad station, store, or other structure where
people are accustomed to assemble, except any building or structure occupied in connection with
the manufacture, transportation, storage, and use of explosive matei@IS.R7 11019)

Inspectori An Inspector of the Division. (7 C.C.R. 119]
Initiation T The start of deflagration or detonation in an explosive material. (7 C.C.R:9)101

Initiation System i Combination of explosive devices and accessories (detonators, wire, cord,
etc.) designed to convey a signal and initiate an explosive charge. (7 C.C.F®)1101

Lawful Possessori A Type Il permittee who has legally purchased or acquired explosive
materals. (7 C.C.R. 110D8)

Lift T Thevertica thickness ofrock fragmened from a sigle blast.
Loading 1 Placing explosve matria in ablast holeor againstthe neterial to be bésted.

Loading Density T The weight of explosve loaded per unit length of borehole occupied
by theexplosve, expressedas Ibs/ft (kg/m) of borehole.

Loading Limits T The maximum quantity of explosves allowed per delay period as speified by
the Sandard Spedfications. (7 C.C.R. 1109)

Loading Pole 1 A nonmedllic pole usedto asgst in placing and compating explosves charges
in boreholes.

Low Explosivesi Explosves which are characterized by defl agration or low rate of readion and
the development of low pressue. (7 C.C.R. 1100)

Magazine i Any building, structure or containerapprovedfor the storageof explosives
magrials. (7 C.C.R. 110DB)

Magazine Distancei Shall mean the minimum distance permitted between any two storage
magazines which is expected to prevent propagation of an explosion from one magazine to another
from a blast. (7 C.C.R. 1169)



Manufacturer i Any individual, corporation, company, firpartnership, association, or state or
local government agency engaged in the business. (7 C.C.R91101

Mass Detonation- When a unit or any part or quantity of explosive material explodes and causes
all or a substantial part of the remaining mateadaletonate or explod¢7 C.C.R. 110:0)

Maximum Particle Velocity i The maximum velocity at which the ground surface movesas a
wave passesunder it. The custanary pradice is to apply vibration limits to the ek particle
velocity of thelargest single component on theessmograph. (7 C.C.R. 1108)

Misfire 7 A blast that fails to detonate completely after an attempt at initiation. This term is also
used to describe the explosive material itself that has failed to detonate as planned. (7 C.C.R.
11019)

MuckpileT Thepile of broken matria resulting from ablast. (7 C.C.R. 11069)

Natural Barricade i Natural features of the ground, such as hills, or timber of sufficient density
that the surrounding exposures which require protection cannot béreeethe magazine when
the trees are bare of leaves. (7 C.C.R. 1901

Nitroglycerin i An explosve chemicd compound ued as a ensitizer in dynamite.

Non-Eledric Detonator i A detonatorthat dees notrequirethe useof electric energy to function.
(7 C.C.R. 11099)

Non- Sparking Metal i A met that will not produce a spak when struck with othertods,
rock, or hard suface (7 C.C.R. 110D)

Overburden i Materia of any naturelaying on top of theock that is to be fasted.

Oxidizer or Oxidizing Material i A substance, such as nitrite, that readily yields oxygen or other
oxidizing substances to promote the combustion of organic matter or other fuel. (7 C.CR) 1101

Particle Board i A composition board made of small pieces of wood that have beeded
together. (7 C.C.R. 11€9)

Particle Velocity - The velocity at which theground sufface movesas awave passes une it. (7
C.C.R. 11019)

Permanent Storage Materialsi Type 1 magazines or Type 2, Type 4, or Type 5 magazines that
have been at the same location for longer than 90 days. (7 C.C.R9)1101

Permittee T Any user, purchaser, manufacturer, dealer, storer, disposer, or transporter of
explosives for a lawful ppose, who has obtained a permit from the Division. (7 C.C.R.-2101
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Personi Any individual, corporation, company, firm, partnership, association, or state or local
government agency. (7 C.C.R. 1191

PETN i An abbreviation forthe rame ofthe hgh explosve pentaerythritol tetranitrate.

Placards i Division of Transportation Approved Title 49 CFR signs placed on vehicles
transporting hazardous materials (including explosive materials) indicating the nature of the cargo.
(7 C.C.R. 110D)

Plywoodi Exterior constructiorgrade plywood. (7 C.C.R. 11)

Possess The physical possession of expl osives on
magazine or building. (7 C.C.R. 119]

Powderi A common synonym for explosive materials. (7 C.C.R. 13p1
Powder Factori The amount of explosives used per unit of blasted material. (7 C.C.R91101

Pre-blast Survey i A documenttion of the preexisting condition of structures ner an area where
blastingis to becondcted.

Presplitting 1 A blastingmethodin which cracks for the final contouror payline are created by

firing a single row of holescontaininglight, well distributed charges, prior to the initiation of the
remainingholes in theblast patern.

Prilled Ammonium NitrateT Ammonium ritrate in apelleted orprilled form. (7 C.C.R. 110:B)

Primer 7 A unit, package, or cartridge of explosives used to initiate other explosives or blasting
agents, which contains either a detonator or a detonating cord to which a detonator designed to initiate
the detonating cord is attach¢d.C.C.R. 11049)

Production Blasting i A blasting method whossolepurmose is to fagment therock.

Propagation i The detonationof an explosve charge by an impulsereceved from an adjacent
or neaby explosve charge. (7 C.C.R. 110D)

Propellant/Powder-Actuated Power Devicei Any tool or special mechanized device or gas
generator system which is actuated by a propellant or which releases and directs work through a
propellant charge. (7 C.C.R. 119}

Public Conveyancei Any railroad car, streetcar, ferry, cab, bus, aircraft, or other vehicle carrying
passengers for hire. (7 C.C.R. 1191

Public Highway 1 Shall mean any public street, alley, or road. (7 C.C.R.-B}01
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Public Highway Distancei Shall mean the minimum distance permitted between a public
highway and an explosives magazine. (7 C.C.R. )01

Public Placei A place which the public or a substantial number of the public has access, and
includes but is not limited to, highways, rispportation facilities, schools, places of amusement,
parks, playgrounds, and the common areas of public and private buildings and facilities. (7 C.C.R.
11019)

Purchaseri A Type Il permittee who acquires explosives. (7 C.C.R. 1901

Pyrotechnics, Firevorks i Any combustible or explosive compositions or manufactured articles
designed and prepared for the purpose of producing audible or visible effects. (7 C.C-R. 1101

Railway 1 Any steam, electric, or other type of railroad or railway. (7 C.C.R.-B)01

Relief i The effective distance from a blast hole to the neaest free face (synorymous with
burden).

Responsible Persori A Type | permitted individual who is directly responsible for a Type I
permitteeds compliance with -7, ICKSpandanyrglesamds o f
regulations promulgated thereunder. (7 C.C.R. 1901

Ripping 7 A method of rock egavation where a tractor with an attached tooth are teeth is
lowered into the rock and then dragged to break up the material for excavation.

Round i A groupof boreholesfired or inten@d to befired in acontinuous segence

Safety Fusei A flexible cord containing an internal burning medium by which fire or flame is
conveyed at a continuous and uniform rate from the point of ignition to a cut end. A fuse detonator
is usually attached to that end, although safety fuse may be used vdtligtibnator to ignite
material such as deflagrating explosives. (7 C.C.R.-201

Scale Distance (I[9) 1 A factor relating similar blast effects from various weight charges of
explosive material at various distances. Scaled Distance is obtained by dglithdimlistance of
concern by a fractional power of the charge weight per delay of the explosive mafériaic.R.
11019)

Semndary Blasting 1 Blastingto reduce the ske of boulders resulting from a primary blast. (7
C.C.R. 11019)

Secured Storagei An area which is protected from weather and is tredistant and in
compliance with the uniform fire code. (7 C.C.R. 1-B)1
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Seismograph 1 An instrument which records groundvibrations generated by blasting ogrations.
Particle velocity dispacement is generdly messured and recorded in three mutually
perpendicular diredions. (7 C.C.R. 1109)

SemiConductive Hosel' A hose used for pneumatic conveying of explosive materials, having an
electrical resistance high enough to limaw of stray electric currents to safe levels yet not so

high as to prevent drainage of static electric charges to ground. A hose of not more than 2 mega
ohms resistance over its entire length and of not less than 1,000 ohms per foot (3280 ohms per
meter)meets this requirement.

Sensitivity i A physical characteristic of an explosve magria classifying its ability to be
initiated upon recaving an externa impulse such as impad, shodk, flame, fiction, or other
influence which can causedetonation. (7C.C.R. 11019)

Shall T Means that the rule establishes a minimum standard which is mandatory. (7 C.C-R. 1101
9)

Shaped Charges i An explosve with a shaged cavity speeifi cally designed to produce a high
velocity cutting or piercing jet of product readion; usually Ined with met to create a jet of
molten liner maerial. They are generally usedto cut stel memlers during supestructure
demdlition. (7 C.C.R. 110B)

Shock Tube i A small diameter plastic tube usedfor initiating detonatas. It containsonly a
limited amount of readive material so that the energy that is transmitted through the tube by
means of adetonation vave is guided through and confined within thewalls of thetube. (7 C.C.R.
1101-9)

Short Delay Blasting 1 The pradice of detonating blasthaks in suaessve intervals where the
time disance between any two siccessve detonations ismeasured in milliseonds. (7 C.C.R.
11019)

Site Area where active blasting is taking place or the location of explosives storage magazines.
(7 C.C.R. 110%9)

Slurry/Water Gel 7 An explosve matrial containing subgantia portion of a liquid,
oxidizers, and fudl, plus a thckener. (7 C.C.R. 1100)

Small Arms Ammunition T Any cartridge for a shotgun, rifle, pistol, or revolver, and cartridges
for propellantactuated power device and industrial guns. Miliiggye ammunition containing
explosive bursting charges, or any incendiary, tracer, spotting, or pyrotechnic ilgroject
excluded from this definition. (7 C.C.R. 110}

Smooth Blastingi A rock excavation method smooth blast holes are blasted after production

blasts. The hole diameters are small with close spacing, and lightly loaded with distributed
charges.
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Softwood 1 Douglas Fir, or other wood of equal bullesistance, free of loose knots, wind
shakes, or similar defects. (7 C.C.R. 1:)01

Spacingi The distance between boreholes. In bench blasting, the distance is measured parallel to
the free face andgopendicular to the burden. (7 C.C.R. 1:5)1

Static Electricity T Electric charge at rest on a person or object. It is most often produced by the
contact and separation of dissimilar insulating materials. (7 C.C.R-9101

Steeli General purpose (hot cold rolled) low carbon steel, such as specification ASTM A366 or
equivalent. (7 C.C.R. 1169)

Stemming i Inert matrial placed in a borehole on top of or between separate charges. Used for
the purpose of confining explosve gases or to physically separate charges of explosve matrial
in thesameborehole. (7 C.C.R. 1109)

Step Drilling 7 A rock excavation method. Larger diameter drill holes are drilled vertically. and
used as production blasting (although spaced closer and loaded light to minimize radial fractures).
A slope face is formed along the base of the blast holes.

Storagei The safekeeping of explosives in unattended magazines. (7 C.C.R9)1101

Subdrilling T The pradice of drilling boeholesbelow floor level or working elevation to insure
breakage of rock to warking elevation.

Sympathetic Detonation i The detonationof an explogve matrial as the result of recaving an
impulse from another detonation through air, eath, or water. Synonymous with sympathetic
propagation. (7 C.C.R. 110D8)

Tamping i The adion of compating the explosve charge or the stemming ina blasthoe.
Sometimes refers to the stemmingatrid itself. (7 C.C.R. 110D)

Temporary Storage Magazinei A Type 1, Type 2, Type 4, or Type 5 magazine that is at a
location for a period not to exceed ninety (90) days. (7 C.C.R-2)101

Theft-Resistanti Construction designed to deter illegal entry into facilities used for the storage of
explosive materials. (7 C.C.R. 119}

Transportation T The conveyance or carrying of explosives from one place to another by means
of a motorized vehicle or device. (7C.R. 11019)

Type | Explosives Permiti A permit issued by the Division to individuals who possess and
control explosive materials during the use, manufacture, acquisition, purchase, sale, distribution,
storage, transportation, or disposal of explasivaterials. (7 C.C.R. 118)
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Type Il Explosives Permit i A permit issued by the Division to corporations, companies,
partnerships, firms, individuals operating a business, associations, or state or local government
agencies involved in the use, purchasse, manufacture, transportation, acquisition, distribution

or disposal of explosives materials. (7 C.C.R. 12p1

Type Il Explosives Permit i A permit issued by the Division to corporations, companies,
partnerships, firms, individuals operating a ibess, associations, or state or local government
agencies for the storage of explosives in approved magazines. (7 C.C.R)1101

Warning Signal 7 An audible signa which is usedfor warning personrel in the vicinity of the
blastarea of theimpendingexploson. (7 C.C.R. 1109)

Water Gel T An explosve makria containingsubsantial portionsof water, oxidizers, and fud,
plus acrosslinking agent. (7 C.C.R. 110B)

Water Resistance i The ability of an explosve to withstandthe desenstizing effect of water
penetration. (7 C.C.R. 110D8)

Weather Resistanti Construction designed to offer reasonable protection against weather. (7
C.C.R. 11019)

Weight Strength 7 The energy of an explosve matria per unit of weight. (7 C.C.R. 110:B)
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ENGLISH TO METRIC

METRIC TO ENGLISH

LENGTH (APPROXIMATE)

1inch(in) = 2.5 centimeters (cm)
1 foot (ft) = 30 centimeters (cm)

LENGTH (APPROXIMATE)

1 millimeter (mm) = 0.04 inch (in)
1 centimeter (cm) = 0.4 inch (in)

1yard (yd) = 0.9 meter (m) 1meter(m) = 3.3 feet (ft)
1 mile (mi) = 1.6 kilometers (km) 1 meter(m) = 1.1 yards (yd)
1 kilometer (km) = 0.6 mile (mi)

AREA (APPROXIMATE) AREA (APPROXIMATE)

1 squareinch (sqin,in®) = 6.5 square centimeters (cm?)
1 square foot (sq ft, ﬂz) = 0.09 square meter (mz)
1 square yard (sqyd, yd®) = 0.8 square meter (m?)
1 square mile (sqmi, ") = 2.6 square kilometers (km?)
1acre = 0.4 hectare (he) = 4,000 square meters (m?)

1 square centimeter (cm?) = 0.16 square inch (sqin, in?)
1 square meter (m®) = 1.2 square yards (sq yd, yd?)
1 square kilometer (km?) = 0.4 square mile (sq mi, mi®)
10,000 square meters (m?) = 1 hectare (ha) = 2.5 acres

MASS - WEIGHT (APPROXIMATE)
1 ounce (0z) = 28 grams (gm)
1 pound (Ib) = 0.45 kilogram (kg)

1 shortton = 2,000 pounds = 0.9 tonne (t)
(Ib)

MASS - WEIGHT (APPROXIMATE)
1 gram (gm) = 0.036 ounce (0z)
1 kilogram (kg) = 2.2 pounds (Ib)
1 tonne (t) = 1,000 kilograms (kg)

= 1.1 short tons
VOLUME (APPROXIMATE) VOLUME (APPROXIMATE)
1 teaspoon (tsp) = 5 milliliters (ml) 1 milliliter (ml) = 0.03 fiuid ounce (fi 0z)
1 tablespoon (tbsp) = 15 milliliters (ml) 1lter() = 2.1 pints (pt)
1 fluid ounce (floz) = 30 milliliters (ml) 1liter(I) = 1.06 quarts (qt)
1cup(c) = 0.24liter () 1 liter () = 0.26 gallon (gal)
1pint (pt) = 047 liter (I)
1 quart (qt) = 0.96 liter (I)
1galion (gal) = 3.8 liters (1)
1 cubic foot (cu ft, f©¥) = 0.03 cubic meter (m") 1 cubic meter (m) = 36 cubic feet (cu ft, )
1 cubic yard (cu yd, yd) = 0.76 cubic meter (m°) 1 cubic meter (m®) = 1.3 cubic yards (cu yd, yd®)
TEMPERATURE (EXACT) TEMPERATURE (EXACT)

[(x-32)(59)] °F = y°C

[(95)y+32]°C = x°F
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2. ENGINEERING DESIGN PROCEDURES FOR CDOT ROAD CUT BLASTING

A. Percent Aesthetic Enhancement (PAE)

CDOT is currently looking to establish a Visual Resources Program that will objectively measure,
following standard methodology, the visual impacts of transportation projects to meet legal
requirements and regulations, while maintaining and improvingdéeics quality of the State of
Colorado. The main reference for such evaluation is205 FHWA Guidelines for the Visual
Impact Asessment of Highway Projeétahich establish national standards for the establishment,
inventory, analysis and mitigation of visual resourd@ased on these guidelines, the present
section 2 wildl focus on the dewel amme nrte cofmma
blast design as part as the mitigation phase. The overall goavsith minimize, and compensate

for significant adverse visual impacts associated with a transportation project and identify
opportunities for enhancing visual quality. general, the blast design will be always affected by
the Area of Visual Effect (AVE), therefore a Visual Impact Assessment (VIA) shall be conducted
in advance according tHWA-HEP-15-029 and FHWACFL/TD/11-002.

Notes:
1. The content of this section gnbpplies when VIA is required and conducted for the
particular project.
2. The content of this section only considers the engineering procedures for the aesthetic
design of the final face, hence it does not cover any of aspect regarding production blasting.

Many of the existing excavation methods use blasting techniques that were originally developed for
use by the mining industry and were mainly focused on maximum rock excavation and rapid
production with little attention to environmental protection ordhsthetic impacts of the final cut.

For this reason, State DOTs often struggle in designing a safelopektsat does not appear over
engineered and seems to fit within the projec
becomes a relativeetm that depends on the individual, therefore we must attempt to make the
aesthetic criteria deterministic, rational, biddable, and constructible. In order to achieve this goal, it

is critical to determine what measurable physical characteristics wilsée im construction as
acceptance criteria.

The first step for determining these physical parameters is to establish the visual prioritization. In
gener al , the significant visual I mpacts wil|l
designer mustonsider a short range perspective and a long range perspective. For the short range,
the main aesthetic priority must be the textural enhancements such as ledges, slope roughening,
planting pockets, or boulder salvage. For the long range, the maintypbecgomes the slope
variations and grading features.

On the other hand, defining the level of effort required for the enhancement of the aesthetic
features will be dependent on the time of exposure that a car or bus passenger will have to the
particularcut slope. From that time of exposure, we introduce the parameteent Aesthetic
EnhancemenPAE) necessary to apply the particular road cut:

1 U.S. Department of Transportation, 20@ajidelines for the Visual Impact of Highway Proje&sIWA-HEP-15-
029, Federal Highway AdministratigfHWA): Washington D.C., assorted pagination.
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The Percent Aesthetic Enhancement (PAE) is defined as the percent of mitigation required on
an evidence of e construction technique. 100 PAE means full removal of the particular
undesired feature while 0 PAE means no aesthetic treatment needed.

The PAE is constituted as a quantitative assessment that defines the level of effort required for the
enhancementfaesthetic featusan the final road cuts. It can be thought of as the tolerance of a
machined part that will provide CDOT and the contractor with a measurable parameter for the level
of effort required in the mitigation of, for example, blast holeasagnachinery marks, or slope
warping. According to Cummings (2002), the most significant visual impacts are those that will be
apparent for longer than 10 seconds, thus we will establish AB®or average exposure time

(texp) equal or longer than 10 seconds. Using this definitionP#&ieis defined as follows:

~

000 primp ok i

p T

Where, the average exposure tirhg) relates to the time that a passenger of motor vehicle will be
able to visualize garticular object or feature. Therefore, the general formula for calculating the
PAE becomes:

O Q0

F=m pm — OB
© 670 P8 ¢ Ogmy

Where, Rxpis the distance in feet along which the car is being exposed to the road cut, ahd V is

design velocity in miles penour for that particular section of the road. The design velocity is
usually determined a priori as part as the road design, however the exposure distance is affected by
sever al par amet er s s uc htheawrouhdmg topogeabhy. Figuredlswasv i e w
extracted from th&). S. Bureau of Land Management, Visual Resource Management Program and
shows the dynamic viewshed of a driver at different speeds.

Figure 1. Dynamic viewshed for avehicle driver (Ref.: FHWA-CFL/TD/11-002)
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The faster a person moves, the smaller the area on which they are able to focus their attention.
However, the dynamic viewshed for a passenger in a vehicle does not necessary correspond to the
one experienced by ehdriver who looks straight at the road (Fig.1). For this reason, a cone angle

of 100 degrees will be consider independently of the car speed in the PAE calculations. This cone
angle captures the AVE of the whole vehicle rather than the AVE of the dFfige2), Note that

having a larger dynamic viewshed implies a larger exposure time to the scene or object. This time
is primarily dependent on the topographic position, the car speed, and physiological limits of the
human sight. Variable external parametarsh as light or weather conditions will be neglected for

the purpose of this work.

/Why 40 degrees?

Conservative dynamic viewshed for a vehlcle (100° cone)

Figure 2. Conservative dynamic viewshed for a motor vehicle

Note: The PAE is applicable for dynamic viewsheds. According to FHMER-15-029, a static
viewshed is defied as what can potentially be seen in 360° from a single view point. The presence
of static viewsheds will be considered as a limiting factor and therefore a 100 PAE will be
assessed.

As it was previously mentioned, we must differentiate between shagerand long range
perspectives when establishing the visual prioritization. Thereby, the overall PAE must include
both in order to determine the required type of blasting technique and/eblaststaesthetic
treatment. This is accomplished by calculgtan ShortRange PAE (SHPAE) and a LondRange

PAE (LR-PAE) if applicable. The SIRAE captures the effect of the adjacent roads, however, in
the presence of neadjacent roads in the area of visual effect, theFAE may be more
restrictive. In general, wean consider two cases:

0 If SRPAE>LRPAEA The main aesthetic priority must be the textural enhancements such
as ledges, slope roughening, planting pockets, or boulder salvage.

U If SRPAE<LRPAEA The main aesthetic priority must be the slope variatiodsgaading
features.

Figure 3 shows the flow chart for the calculation of the overall PAE considering tRAERnd
LR-PAE. Next, we will illustrate how to perform the calculations using two separate examples.
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Percent Aesthetic
Enhancement

|

Short-Range PAE

Non-adjacent no

roads in AVE?

Long-Range PAE

A Elevation < no

Roadcut Height

yes

h A

PAE = Short-Range PAE

PAE = Max(Long-Range PAE,
Short-Range PAE)

Figure 3. PAE calculation flow chart

In some situations, we may encounter faajacent roads in the Area of Visual Effect from an
aerial perspective. However, the difference in elevation (or even the presence of vegetation or
certain topographical features) can potentially remove the roadocnttfre Area of Visual Effect,

hence eliminating the necessity of a LeRgnge PAE. Although the overall PAE will be defined

by either the ShoiRange PAE or LordRange PAE, both parameters are equally useful when
deciding the aesthetic treatment requireda particular cut slope.

PAE Calculation Example I:

The following calculation example shows how to estimatetdfa@and thePAEin one of the road

cuts located in Highway 285 at Parmalee Gulch, Colorado. The current slope includes a galvanic
meshthat was installed after the design due to rock fall. The steps shown below applyP&ESR

and LRPAE, although for this example only the $RRE applies.

1. Define the start and end points on the road where the slope enters the dynamic viewshed for
both drections (West to East and East to West). This is done by drawing two lines
perpendicular to the road at the beginning and at the end of the cut (dashed lines). Then, we
draw two lines at 40 degrees from each of the dashed base lines and the interséction w
the road marks our start (yellow) and end (green) points. Note that the location of these
points depends on the direction of the vehicle.
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7 i T
Figure 4. Aerial view of HW285 at Parmalee Gulch, Colorado. The yellow and green markers
represent the start ard end points where the slope enters in the dynamic viewshed

2. Measure the distance between the start and end points for both possible vehicle directions.
The longer distance represents the most restrictive case and it must be the one used for the
following calculations (in this casew.

3. Considering a speed of 65mph for that section of the Highway 285, the Percent Aesthetic
Enhancement for the slope is:

O Qo P T 00

p T = 8 b
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¢uLanQ p8 ¢ O
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The PAE value for this particular road cut is almost a 90% which reveals the importance of
applying mitigation techniques on the final slope design in order to minimize the visual impact on
the dynamic viewers. For example, in the presence ofdaalf, 90% of these traces should be
remove from the final face. Ultimately, the PAE for this slope indicates that a vehicle traveling
East will be exposed to the road cut for about 9 seconds.

PAE Calculation Example II:

The following calculation example shows how to calculatePA&in one of the road cuts located
in Highway 24 at Vail Pass, Colorado. In this case, we must obtain tH®AERand the LRPAE
due to the presence of nadjacent roads and potential influemecehe AVE.

ShortRange PAE:

1. Define the start and end points on the road where the slope enters the dynamic viewshed for
both directions.
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= Location: Vail Pass Hwy 24
= Coordinates:
Latitude: 39.535717

Longitude: -106.397460

Figure 5. Aerial view of HW24 at Vail Pass, Colorado. The yellow and green markers
represent the start and end pmts where the slope enters in the dynamic viewshed

2. Measure the distance between the start and end points for both possible vehicle directions.
3. Considering a speed of 30mph for that section of the Highway 24, the Percent Aesthetic
Enhancement for the gle is:
O Qo o 0 10
{4f=rpm pT

e O . O
w anQ pii(p(pa(—hT2 o Ta 1jQ pawcpm

Next, we proceed to calculate the{HAE due to the presence of nadjacent roads in the Area of
Visual Effect.

Long-Range PAE:

1. Define the start and end points on the road where the slope enters the dynamic viewshed for
both directions.
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= Location: Vail Pass Hwy 24 \ levaton Point B- 8 852 ft

= Coordinates: :
Latitude: 39.535717 N A 500 ft
Longitude: -106.397460 ) g, N

Figure 6. Aerial view of HW24 at Vail Pass, Colorado. Note the presence of nadjacent
roads with potential impact in the PAE

2. Measure the distance between the start and end points for both possible vehicle directions.

3. Considering a speed of 30mph for that section of the Highway 24, the Percent Aesthetic
Enhancement for the slope is:

0O Qo o ¢ O
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In this particular case, both SRAE and LRPAE have an almost identical value, thus the designer
must initially consider a short range perspective and a long range perspective. Howewext the
step in the flow chart in Figure 3 is to consider the third dimension and see if the difference in
elevation between both locations in the map is larger than the actual road cut height. This step is
illustrated in Figure 7.

According to Figure 7, theoad cut height is approximately 60 feet but the difference in elevation
between a vehicle and the road cut is about 270 feet. Therefore, tRAERbtained before can

be neglected since the road cut is not in the Area of Visual Effect. The overall d?ARisf
example is 75% and corresponds with theF5&E.
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0 ft >> Roadcut Height =60 ft

—— e

"

Long-range PAE: 0%

Figure 7. Three dimensional view of HW24 at Valil Pass, Colorado. Note the difference in
elevation between the noradjacent roads and the road cut

Convex Curves vs Concave Curves:

Another case ttake into consideration is the presence of road cuts in road curves. In general, the
geometry of a concave curve will be more critical from an aesthetic perspective since the vehicle
will be directly facing the evidence of the construction technique 8Fig.

CONVEX CURVE

Figure 8. Convex curve vs concave curve
The type of curve and its aesthetic importance will be directly captured by the PAE where a

concave curve will generate a higher PAE value than a convex curve. However, it must be
remarked that the type ofstbetic treatment required for each can vary drastically.
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CONVEX CURVE CONCAVE CURVE

» Convex curve with long-range PAE > 0 » Concave curve
» Visual prioritization: long-range viewshed » Visual prioritization: short-range viewshed
» Aesthetic: slope variations and grading features » Aesthetic: textural enhancements

Figure 9. Examples of convex and concave curves, and aesthetic measures

In general, a convex curve will display a significant -BRE indicating that the visual
prioritization corresponds with the lomgnge viewshed. This imposes the use of slope variations
and grading features in order to mimic the cut slope with the sulirguedvironment. On the
other hand, concave curves will be usually dominated by largeARvalues where the textural

enhancements play a larger role.

25



B. Controlled Blasting Methods

Controlled blasting techniques are used whesrd is a need to preserve the natural strength of
rock walls formed by blasting. It is used for removing material along the final slope face. In some
cases, controlled blasting is also used before production blasting to create an artificial fracture
alongthe final cut slope, which will prevent the radial cracks caused by production blasting from
penetrating back into the finished face. It creates less backbreak than production blasting because it
removes less burden and uses more tightly spaced drifl ivtle lighter charges.

A charge that completely fills a blast hole creates a large crushed zone that induce damage in the
final face. However, when two closely spaced charges are fired simultaneously, the radial cracks
tend to propagate equally in allrelctions until the two strain waves collide in the central point
producing a central crack that connects the blastholes and decouple the fin&lofacthe
production blast (Fig.10

Figure 10. Tensile crack between adjacent holes (Hustrulid, 2007)

The pressure of the gases is a key element in the execution of contour blasting, and for this reason
it should be maintained until the cracks of adjacent holes meet, which can be achieved by an
adequate stemming height.

There are several types of conkedl blasting; they vary most importantly in the amount of burden
they remove and the type of powder they use. The discussion below will focus on controlled lasting
techniques that best minimize the visual impacts of the blasting process, thus meeting the
objectives of CSS design. These techniquespaesplit blasting smooth blastingand cushion
blasting In addition, an alternative blasting and a drilling will be addressed below.

Presplitting is a protective measure to keep the final wall from beingadged by the production
blasting. Presplitting utilizes lightly loaded, closely spaced drill holes, fired before the production
blast, with the desired outcome to form a fracture plane across which the radial cracks from the
production blast cannot travelhe fracture plane formed may allow for steeper slopes with less
maintenance. Perform well in hard competent rock. Does not perform well in highly fractured,
weak rock.

Aestheticspresplitting creates abundant visible drill traces. In some cases, Hadkeasts
can be chipped away with a pneumatic hammer, but it is difficult to eliminate them without

26



